Background Conditional survival measures change in the risk of mortality given that a patient has survived a defined period of time. This has yet to be reported for chondrosarcoma of bone. This information should be of interest to the clinician and helpful in counseling patients with chondrosarcoma. Questions/purposes Our questions include the following:
Introduction
Chondrosarcoma is the second most common primary sarcoma of bone, ranking behind only osteosarcoma [8] . Surgical resection is the principle modality of treatment for chondrosarcoma, which is inherently resistant to both radiation and chemotherapy [18, 23, 37, 40] . Estimates of survival are most frequently presented as a single, static 5-or 10-year overall survival value determined at the time of diagnosis. Such estimates fail to take into consideration changes in prognostic risk factors with time and that the chances of survival likely improve the longer an individual survives after diagnosis [25, 31] .
Conditional survival measures the risk of mortality as a function of time taking into consideration the dynamic nature of prognostic risk factors [31, 34] . Such a measure is not only intriguing for the clinical scientist, but it also provides a valuable tool for patient counseling [6, 9, 13, 17, 24, 26, 41] . In this fashion, conditional survival provides a dynamic and relevant estimate of survival while also individualizing counseling for patients based on demographic and cancer-specific characteristics [25, 34] . Beyond counseling, conditional survival may also help guide disease surveillance protocols, which could be of particular value when advanced imaging or expensive diagnostic testing is suggested [13, 34] .
Consistently reported tumor and patient factors that negatively influence survival in the current literature include increased patient age, high tumor grade, inadequate surgical resection, axial tumor location, local recurrence, and the use of adjuvant therapy including radiation or chemotherapy [3, 5, 11, 16, 19, 21, 36] . Although these factors provide a basis for current counseling, they provide only static estimates of survival at the time of diagnosis and do not take into consideration prognostic change over time. To our knowledge, the conditional survival of chondrosarcoma has yet to be defined.
Our questions include the following: (1) Does the conditional survival of patients with local/regional chondrosarcoma improve with each additional year of survival? (2) Does the conditional survival of patients with metastatic chondrosarcoma improve with each additional year of survival? (3) Does tumor location, use of radiation, or patient age affect conditional survival? (4) Can chondrosarcoma ever be considered cured?
Patients and Methods
We used the Surveillance, Epidemiology, and End Results (SEER) program database to capture all recorded patients with the diagnosis of chondrosarcoma from 1973 to 2009. The SEER program began with eight state and regional cancer registries in 1973 and has since added centers to currently include 18 racially, economically, geographically, and socially diverse areas representing 26% of the US population [28] . The SEER program database is publicly available and does not contain unique individual identifiers such as name, date of birth, or Social Security number. As such, our institutional review board determined that this investigation did not meet the definition of human subjects' research and did not require a formal review. We used SEER*Stat (Version 8.0.4; National Cancer Institute, Bethesda, MD, USA) for all database queries, conditional survival calculations, and calculation of 95% confidence intervals (CIs) using a logarithmic transformation to reduce skewing. SE was provided by SEER*Stat and was used to perform unpaired Student's t-test (two-tailed) for point estimates of survival. Probability values \ 0.05 were considered statistically significant.
Within SEER, age is recorded as a categorical variable in 5-year intervals. We limited our investigation to patients aged 20 to 85 + years, because chondrosarcoma is unusual in children and adolescents. The histologic diagnosis was based on the International Classification of Diseases for Oncology, Third Revision [12] . We included all patients with a diagnosis of ''chondrosarcoma, not otherwise specified'' with a location of ''bones and joints'' to eliminate chondrosarcomas originating in the soft tissue. We excluded all subtypes of malignant cartilage lesions reported in SEER (juxtacortical chondrosarcoma, chondroblastoma, malignant, myxoid chondrosarcoma, mesenchymal chondrosarcoma, clear cell chondrosarcoma, and dedifferentiated chondrosarcoma). Tumor grade is recorded in the SEER database as I, II, III, and IV. We classified low-grade (Grade I) lesions as Grade 1 and intermediate (Grade II) lesions as Grade 2. Because Grade III and IV tumors represented a constellation of high-grade chondrosarcoma, we combined these tumors as Grade 3. We identified a total of 2138 patients with chondrosarcoma, not otherwise specified, eligible for analysis from 1973 to 2009, and the number of patients with a given tumor grade as well as local/regional or metastatic disease at the time of diagnosis were identified ( Table 1) .
We separated the patients by the presence of metastatic disease at diagnosis. Patients with localized or regional disease were coded as local/regional, whereas those with metastatic disease at the time of diagnosis were coded as metastatic. It is important to note that in the SEER program database, metastatic designation is only made at the time of diagnosis. Furthermore, the ability to radiographically detect metastatic disease has most certainly changed during the time period of this study, which coincides with significant advances in cross-sectional imaging. Because of this concern, a sensitivity analysis was performed to compare the current time period under investigation, 1973-2009, with a more recent time period, 1990-2009, when cross-sectional imaging was more readily available. This analysis failed to show any difference in conditional survival between the two time periods, justifying the inclusion of the entire cohort. Patients who were unstaged or had a blank entry were excluded.
For all portions of the analysis, we separated the tumors by grade. We calculated a 5-year survival estimate at the time of diagnosis and a revised 5-year survival estimate conditional on 1, 2, 3, 4, and 5 years of survival. We also calculated 20-year survival estimates from the time of diagnosis. The 20-year conditional survival estimates were made at baseline and conditional on surviving 5 and 10 years after diagnosis.
We stratified the data in several ways to investigate previously reported risk factors for poor outcomes in chondrosarcoma. First, we separated patients into those with tumors involving the extremities (the long and short bones of the upper and lower extremities) or axial skeleton (pelvis, spine, and chest wall). Next, we compared patients who had surgery only with those who had surgery and radiation. Our initial statistical analysis revealed that axial tumors received radiation with a disproportionate frequency, 51.4% in Grade 1, 57.5% in Grade 2, and 45.1% in Grade 3, compared with their overall frequency in local/ regional disease, 35.7% in Grade 1, 39.1% in Grade 2, and 35.5% in Grade 3 chondrosarcoma. We therefore limited our analysis of the use of radiation to tumors with an axial location. Finally, we stratified by age using 60 years as a cutoff, which is supported by previous literature that reports increased age as a risk factor for mortality [16, 21, 36] . The number of patients older than 60 years of age as well as the number of patients with axial tumors who received radiation were identified ( Table 2) .
We used an actuarial life table method to determine cause-specific cancer survival. Any mortality resulting from cancer recurrence or metastatic spread qualified as cause-specific. We limited our investigation to ''first primary only'' to capture patients who had only a diagnosis of chondrosarcoma. In this, we were able to eliminate any patients who had an additional malignancy to more accurately reflect cancer-specific death attributable to chondrosarcoma. The SEER registry uses data abstracted from death certificates to determine the cause of death, which is coded as either ''cancer'' or ''other causes.'' Individuals were censored if the cause of death was attributed to something other than cancer. Patients with missing or unknown causes of death were excluded.
Results
The 5-year conditional survival estimates for local/regional disease improved with each additional year of survival after diagnosis for all grades (Fig. 1 Local/regional Metastatic Local/regional Metastatic Local/regional Metastatic   0  925  24  855  56  231  47   5  603  9  481  13  73  3   10  339  3  224  5  31  2   20  107  1  54  3 5 0 (Fig. 2) . Metastatic chondrosarcoma was rare in Grades 1 and 2 tumors and lethal in Grade 3 tumors, therefore limiting the cohort available for analysis. Although sample size limited statistical comparison, there was a more pronounced increase in conditional survival in metastatic disease when compared with local/ regional disease. 3A) . There was no difference in 5-year conditional survival estimates at baseline or 5 years after diagnosis when Fig. 1 A graph shows the cause-specific conditional survival of patients with local/regional chondrosarcoma. Each point represents the 5-year survival given the patient has survived 0 to 5 years after diagnosis. Grade 1, 2, and 3 chondrosarcoma were separately analyzed. comparing extremity and axial tumor location in Grade 1 chondrosarcoma. In Grade 2 lesions, axial tumors had a poorer estimated 5-year survival at baseline compared with extremity tumors (80.9% [95% CI, 75.5%-85.1%] versus 89.7% [95% CI, 86.1%-92.4%], p = 0.002), but this difference was no longer present conditionally on having survived 5 years after diagnosis (93.6% [95% CI, 88.0%-96.7%] versus 92.5% [95% CI, 88.0%-95.4%], p [ 0.05) ( Fig. 3B) . The most striking difference in conditional survival estimates between axial and extremity tumor location was observed in Grade 3 chondrosarcoma (Fig. 3C) . Although estimated 5-year survival was nearly equivalent at baseline for axial and extremity tumors (52.9% [95% CI, 40.3%-64.0%] versus 58.1% [95% CI, 47.8%-67.0%], p [ 0.05), conditional survival was substantially lower in axial lesions 5 years after diagnosis compared with extremity lesions (70.2% [95% CI, 44.9%-85.5%] versus 95.8% [95% CI, 73.9%-99.4%], p = 0.021). The 5-year survival estimate in patients with Grade 3 extremity lesions improved from baseline compared with having survived 5 years after diagnosis (58.1% [95% CI, 47.8%-67.0%] versus 95.8% [95% CI, 73.9%-99.4%], p \ 0.0001). The estimated 5-year survival at baseline for patients with an axial tumor location was generally greater when treated with surgery alone as compared with surgery plus radiation in all tumor grades ( Fig. 4) . This difference was less pronounced in Grade 1 axial chondrosarcoma treated with surgery alone versus surgery plus radiation (95.5% [95% CI, 92.0%-97.5%] versus 81.1% [95% CI, 62.5%-91.1%], p = 0.043) as compared with Grade 2 axial chondrosarcoma (87.9% [95% CI, 82.6%-91.6%] versus 68.8% [95% CI, 54.0%-79.8%], p = 0.006). The generally improved conditional survival in patients treated with surgery alone remained after surviving 5 years after diagnosis. Similarly, the estimated survival was greater in patients \ 60 years of age in all grades at baseline but nearly equivalent conditional on having survived 5 years after diagnosis (Fig. 5 ).
Looking at more distant followup, 20-year survival estimates were calculated at baseline and additionally conditional on 5 and 10 years of survival after diagnosis 
Discussion
Conditional survival provides an estimate of the risk of mortality given that a patient has survived a defined period of time after diagnosis. Studies using conditional survival have repeatedly shown that prognostic factors change with time [6, 9, 13, 17, 24-26, 31, 34, 41] . Conditional survival has been calculated for numerous other malignancies including bone sarcoma, melanoma, lung, gastric, ovarian, brain, squamous cell, rectal, and bladder cancers [7, 13, 17, 24, 26, 34, 38, 39, 41] , but to our knowledge, conditional survival for chondrosarcoma has yet to be reported in the literature. Using the SEER database to identify patients with chondrosarcoma from 1973 to 2009, we found that 5-year conditional survival estimates improved with each additional year of survival after diagnosis in patients with both local/regional and metastatic disease regardless of age. Tumor location did not have a lasting effect on conditional survival in Grade 1 chondrosarcoma, but axial Grade 3 chondrosarcoma showed substantially lower survival compared with extremity chondrosarcoma even in patients who lived 5 years after diagnosis. The 20-year cause-specific conditional survival estimates for patients who survived 10 years after diagnosis failed to reach 100% for any grade of chondrosarcoma. There are several limitations to the present study that warrant further discussion. Although the SEER database provides highly reliable demographic data from regions that comprise nearly 26% of the US population [2, 4, 28] , the generalizability of the data has been questioned because the population in these areas tends to be more affluent with less unemployment compared with the nation as a whole [30] . Even with these concerns, the SEER database remains one of the most reliable and complete databases for longterm cancer research for a multitude of cancer types [7, 13, 17, 24, 26, 34, 38, 39, 41] . Determining the cause of death in a cause-specific survival analysis is inherently important. SEER*Stat uses an algorithm based on death certificates, which may be inaccurate or difficult to interpret if multiple causes of death are listed. However, this method for survival analysis has been used in several similar prior investigations [7, 16, 17, 25, 26, 38] . Additionally, the accuracy of histologic diagnosis, which is difficult in cartilaginous bone lesions even in the hands of experts [35] , cannot be confirmed. Grade and staging are therefore dependent on the accuracy of information in the database. Several important staging criteria, including compartmentalization of bone sarcoma, are not universally reported and their use precludes investigations over long time periods. Although SEER does not include any data on surgical margins, the use of radiation is typically reserved for patients with inadequate surgical resection and has been shown to negatively influence overall survival [18, 23, 36] . We acknowledge that factors other than inadequate surgical margins, including patient age, comorbidities, facility treatment protocols, and anatomic location, may play a role in choosing whether to use radiation. In the present study, axial tumors received radiation therapy with disproportionate frequency compared with their overall incidence. Most importantly, we were unable to obtain information regarding local recurrence and metastatic spread, both of which have been shown to affect overall survival in patients with chondrosarcoma in previous studies [11, 19] . SEER does not collect these data and only designates metastatic disease at the time of diagnosis. This limitation prevented us from distinguishing between disease-free survival and cause-specific survival, although this may be less important in chondrosarcoma as compared with other sarcomatous lesions of bone where radiation and chemotherapy are more frequently used and provide a significant source of morbidity as well as the potential for secondary malignancy. Lastly, the time period for this study spans nearly four decades. Over this time period, the evolution of cross-sectional imaging may have enhanced the ability to detect metastatic lesions, and patients early in the study period may have been inappropriately categorized as having local/regional disease when indeed metastatic lesions were present. If metastatic lesions were consistently missed early in the study period and subsequently classified as local/regional, one would expect a difference in survival given the relatively poor prognosis of metastatic disease identified in this study. A sensitivity analysis comparing the time periods 1973-2009 and 1990-2009 failed to identify a difference in survival regardless of tumor grade.
We found that the conditional survival of patients with local/regional chondrosarcoma improved with each additional year of survival after diagnosis for Grade 2 and 3 chondrosarcomas at the time of diagnosis, whereas conditional survival failed to improve annually in Grade 1 chondrosarcomas. Recent literature has advocated for intralesional treatment of contained, Grade 1, extremity chondrosarcoma, suggesting that functional results may be superior to wide resection without an increase in local recurrence or mortality [1, 10, 20, 27] . Our findings confirm that Grade 1 chondrosarcoma has a very low likelihood of oncologic failure, and treatment decisions that optimize functional outcomes may be justified. Despite the dramatic increase in conditional survival over time, Grade 2 and 3 lesions continued to have lower 5-year conditional survival estimates at 5 years after diagnosis compared with Grade 1 lesions, consistent with previous literature that has demonstrated tumor grade as an important predictor of survival [3, 5, 15, 16, 19, 21, 22, 36] . The initial steep increase in conditional survival in patients with Grade 3 lesions at the time of diagnosis may be partially explained by a greater number of early deaths in Grade 3 lesions compared with Grade 1 and 2 lesions. In contrast, the better prognosis at diagnosis in low-grade tumors limits the rate and amount of increase in conditional survival over time compared with the more aggressive high-grade lesions [6, 42] . Interestingly, the shape of the conditional survival curve in Grade 3 chondrosarcoma more closely approximates the conditional survival curves in osteosarcoma and Ewing's sarcoma [26] , suggesting that the conditional survival of high-grade bone sarcoma behaves similarly regardless of histologic subtype.
In metastatic chondrosarcoma, estimated 5-year survival improved with each additional year of survival after diagnosis in all grades. Furthermore, the rate of increase in conditional survival was more marked across all grades compared with local/regional disease. Although low numbers limit extensive analysis in this subgroup, the steeper conditional survival slope in metastatic disease conveys a more positive outlook with each additional year of survival.
With respect to tumor location, conditional survival was equivalent in Grade 1 lesions with differences noted in Grade 2 lesions at baseline that became equivalent by 5 years after diagnosis. In Grade 3 lesions, the baseline estimated 5-year survival was poor for both axial and extremity lesions but grew more divergent with time because extremity lesions displayed improved conditional survival 5 years after diagnosis as compared with baseline. This improvement was not noted in Grade 3 axial lesions. This finding has interesting implications. First, the similarity of baseline survival rates suggests that high-grade chondrosarcoma carries a poor initial prognosis regardless of the primary site. The substantial early mortality is likely reflective of the biological aggressiveness of the tumor and high likelihood of systemic failure regardless of the success of surgical excision. In contrast, as an individual survives into the future, the location of the primary tumor becomes more important because extremity tumors clearly carried a more favorable prognosis than axial tumors. This may be explained by increased local recurrence resulting from anatomic constraints of the pelvis limiting the adequacy of primary resection and options for subsequent salvage procedures, larger tumors at the time of diagnosis, and a higher likelihood of metastasis [15, 19, 21, 22, 32] . This observation, combined with the lack of similar findings in lower grade tumors, is an important area for further study. In patients with an axial tumor location, the addition of radiation therapy to the treatment regimen decreased conditional survival at both baseline and 5 years after diagnosis. Radiation therapy has been shown to have relatively little effect on chondrosarcoma and has essentially been limited to situations in which complete tumor resection is not possible or where inadequate margins are obtained, often secondary to anatomic constraints [18, 23] . Previous research has demonstrated that inadequate tumor excision has resulted in reduced overall and disease-free survival [15, 22, 33] . Similarly, we found a suggestion that the use of radiation may result in diminished survival estimates at baseline and after 5 years of survival in patients with axial chondrosarcoma. Chondrosarcoma typically affects individuals in the fifth to seventh decade of life [8] , and several studies have identified increased age as a risk factor for decreased overall survival [16, 36] . In the present study, estimated 5-year survival was poorer at baseline in patients with Grade 1 or 2 chondrosarcoma who were C 60 years of age. However, by 5 years after diagnosis, survival estimates were essentially equivalent across all grades regardless of age. This finding suggests that although older patients may have more early deaths even with low-grade disease, the effect of age on chondrosarcoma-related mortality decreases over time.
The best opportunity for cure in patients with chondrosarcoma is surgical resection with wide margins [14] . Cure, by definition, suggests lifetime disease-free survival, which leads to the question: can chondrosarcoma ever truly be cured? When looking at 20-year conditional survival estimates, survival improved with each additional year of survival after diagnosis in all grades and most dramatically in Grade 3 chondrosarcoma. The 20-year conditional survival for patients who survived 10 years after diagnosis was nearly equivalent for all grades of chondrosarcoma, although conclusions should be made with caution given the relatively small number of patients who were available for analysis at 10 years after diagnosis. No grade exhibited 100% causespecific survival, implying that a mortality risk still exists for patients with chondrosarcoma even after 10 years of survival. The National Comprehensive Cancer Network (NCCN) currently recommends prolonged clinical and radiologic followup, including imaging of the primary site and chest, every 6 to 12 months for the first 2 years followed by annual imaging in low-grade chondrosarcoma. Similarly, the NCCN recommends clinical and radiologic followup every 3 to 6 months for the first 5 years followed by annual examinations and imaging for a minimum of 10 years [29] . Our data support this general protocol of gradually increasing the periodicity of surveillance over time and caution that cancer-related mortality can occur in some patients even after 10 years of survival.
Conditional survival estimates provide valuable and, with respect to chondrosarcoma, optimistic information for the physician and patient alike. Several specific results of this study, namely the elimination of age as a negative prognostic factor by 5 years after diagnosis as well as the aggressive nature of axial Grade 3 chondrosarcoma, provide information that can help individualize patient counseling. Additionally, patients with a poor prognosis at baseline such as those with Grade 3 chondrosarcoma or metastatic disease have the greatest increase in conditional survival for each additional year of survival after diagnosis. The high survival rates of low-grade chondrosarcoma imply that long-term functional outcomes are extremely important because the likelihood of oncologic failure is low. Although each year of survival portends an improved prognosis regardless of stage, grade, location, use of radiation, and patient age, the risk of cause-specific mortality still exists as far out as 10 years after diagnosis. These findings can help counsel patients on their individual prognosis in a temporal fashion as well as guide long-term surveillance in patients with chondrosarcoma.
